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Recent advances in laser technology have  produced  the opportunity to realize more stable 
and accurate atomic clocks, by laser excitation, manipulation and cooling of atoms. In 
this paper we  will describe a new scheme based  on  the  use of lasers with atomic clocks to 
increase the sensitivity of experimental search for a spin-gravity coupling. There are 
numerous experiments where atomic clocks have  been  used to measure the gravitational 
redshift and search for a violation of the Equivalence Principle. Spin, an inherently 
quantum mechanical property, is also readily observable in atomic interactions. Thus it is 
natural to examine the possible coupling of spin and gravity through the observation of 
atomic resonance experiments, such as  with clocks. This class of experiments, however, 
have been attempted less frequently, primarily because of the  high level of control 
required for parasitic effects that can limit the  accuracy of resonance experiments and 
reduce the sensitivity of measurements. The most  recent experiment aimed at a search to 
place a limit on the strength of the coupling of spin of the electronic and nuclear spin of 
the atom to gravity was  performed in 1992, and  was limited by technical noise. The new 
approach described here eliminates some of  the  most common sources of uncertainty, 
without increasing the complexity of the laser excited atomic clocks. This approach can 
increase the sensitivity of previous tests by several orders of magnitude. 



t? 
0
 

d
) 



0
 

b
l) 

G
 

Q
 

s 0
 

*
1

 
1
 

0
 

I
 

h
 

m
' 

m
 

I
 

m
 

d
) 

I
 

'0
 

0
 

1
 

u 3 0
 

0
 

1
 

0
 

Td 
d

) 
1

 
0

 
0

 
0
 

k
 

d
) 

m
 

E d
) 

> 0
 

*
1

 
8 Td 
d

) 

0
 

I
 

d) 
a
 

x 

a E E 5
 

m
 

0
 

e 
0
 

0
 

0
 



b
l) 

u 

s: s 0
 

*
d

 
1
 

0
 

0
 

k
 43 E c6 

s: 0
 

ro 0
 

a
 

*
d

 
0
 

E I
 

s s: c6 
3
 

0
 
I
 

0
 

6
 

> m
 

m
 

ce 
L

)
 

e 
e 



d
) 

0
 

1
 

u 



0
 

3
 

x 

CY 
t3 



G
 

d
) 

0
 

3
 0 0
 

0
 

6
) 

1
 

0
 

m
 

u 
Td 
d

) 

0
 

F1 
0

 
0

 

s
 d

) 

1
 

1
 

k
 

c
, 

Td 
d

) 
d

) 
I
 

3
 m
 

I
 

G
 

0
 

m
 

d
) 

d
) 

b 
4 

d
) 

d
) 

Td 
d

) 
h

 
6
 

d
) 

E 
1
 

8 d
) 

F1 
+

 
U

 

m
 

d
) 

d
) 

Td 
d

) 
N

 
m

 
k

 
d

) 

z 1
 c6 
I
 

1
 

r
1

 

0
 

x d
) 

d
) 

k
 

0
 

0
 



3
 

4
 

+ 3" 3" 3
 

4
 I 3" 



...................... 
i 

A 

0
 

.
d

 

L b
 

0
 

c 2 b
 



0
 

1
 

0
 

0
 

e
1

 

E 0
 

I
 

4
 

Td 
d

) 

ro 2 -
0

 
0
 

1
 

0
 

n
 

d
) 

> 6
 

0
 

k
 

0
 

d
) 

L
i 

I
 

3
 

I
 

2 m
 

G
 

0
 

0
1

 

I
 

0
 

6
 

k
 

d
) 

h
 

ro 
Td 
d

) 
0

 

d
) 

I
 

cd k
 

d
) 

Q
 

0
 

3 0 0
 

u 

F4 
A 
I
 

F4 c
\ 

A 
0
 c\ 

I
 

F4 
0

 
I
 

A 
0
 

F4 6
 

I
 

k
 

e 



3
 

d
) 

bp) 
k

 
0
 

0
 

0
 

*
 

> 0
 

> c6 
0
 

m
 

+
 

0
 

6 d
) 

0
 

+
 

m
 

d
) 

s 

m
 

I
 

0
 

d
) 

E 
d

) 
k

 

1
.

 ca d
) 



0
 

0
 

0
 

I
 

ai- 0
 

3
 

Td 
d

) 
k

 
h

 

c
, 

a 8 
b

b
 

m
o

 d
) 

J3 
c
, 

A
 

0
 

c
, 

m 
a b4 



c
, 

2 3
 

*
&

 
c
, 

m
 

0
 

0
 

1
 

0
 

0
 

k
 

1
 

c
, 

$3 
d

) 
0
 

0
' 

& 
Td 
d

) 

8 E" 0
 

m
 

d
) 

d
) 

k
 

& 
0
 

k
 

d
) 

U
 

d
) 

k
 

x 
b10 
d

) 
k

 
0
 

d
) 

k
 

$3 
d

) 

0
 

*
&

 

c
, 

E: 0
 

ca 
*

+
 

c
, 

d
) 

6
 

c
, 

c
, 

m
 

h
 $3 

a
 

0
 

d
) 

f= 
0
 

0
 

0
 

I
 

k
 

d
) 

0
 

Td 
\
.
 



d
) 

x PJ 
3 0

 
0
 

1
 

0
 

F4 

szl 
d

) 
0
 

s c, d
) 

ro d
) 

6
 

c
, 

h
 szl 
3 d

) 

6
 

c
, 

c
)
 

'm 

0
 

6
 

c
, 



cc) 
r%

l 
k

 
d

) 
I
 

d
) 

d 0
 

I
 

Td 
0
 

&
 

5
 

rn 
6
 

0
 

E a 0
 

6
 

*
r

l
 

c
, 

8 
1
 

0
 

0
 

a 0
 

6
 

*
r

l
 

c
, 

8 
1
 

'0
 

0
 

0
 

6
 

0
 

k
 

c 

0
 

3 !? 0
 

0
 

Td 
a 6
 

3 0
 

6
 

F: 

c
, 

h
 0
 

Td 
u
 



8 E 5
 

m
 

F: 

0
 

Td 
d

) 
m

 
0
 

F: 

3 

*
A

 

0
 

0
 

0
 



3 0
 

0
 

1
 

0
 

0
 

X
 

M
 

M
 II 


